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[57] ABSTRACT

A prosthetic foot comprises a hollow elastomeric cos-
mesis having a relatively large internal space, a keel of
relatively stiff or rigid material, and a stiffener of glass
reinforced plastics fitted between keel and instep region
of the cosmesis. Front and rear snubbers extend from
keel and front and rear stiffeners being portions of stiff-
ener extend from under the keel with radiused ends
resting on the sole of the cosmesis. During ambulation
the stiffeners provide a primary path by which ground
reaction 1s transmitted to the keel, but ground reaction
bringing the stiffeners into contact with the snubbing
means is transmitted to the keel via an overload path
through the snubbing means.

15 Claims, 3 Drawing Figures
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1
ARTIFICIAL FOOT

FIELD OF THE INVENTION

This invention relates to an artificial foot and to an
artificial leg fitted with the artificial foot.

BACKGROUND TO THE INVENTION
When using an artificial leg, an amputee adapts his

body movements to accommodate the characteristics of !¢

S

the components used in the prosthesis. This is done in

such a way as to give the most desirable combination of
motion, comfort and energy expenditure. Thus the
body movements and gait of the amputee are directly
related to the characteristics of the components used in
the prosthesis. It follows therefore that by changing the
characteristic of the components used in the prosthesis
the gait of the amputee can be affected.

U.S. Pat. No. 4,547,913 (Phillips, assigned to Flex
Foot Inc) describes a composite prosthetic foot having
a leg portion, a foot portion and a heel portion all rig-
idly joined and all three provided with substantial elas-
tic flexability to provide return of energy absorbed and
enable the amputee to engage in sports such as running
and playing tennis.

SUMMARY OF THE INVENTION

An object of the invention is to provide a structure
for an artificial foot in which heel and toe spring mem-
bers respond to natural body movement in such a way
that the gait of the amputee becomes close to normal.
This is achieved by providing metatarsal and heel
springs that store and release energy during usage in a
manner that is consistent with normal body movements,
thus giving a more lively, comfortable and less energy
demanding action. It has been found that in springs
based on composite material, the required mechanical
and fatigne properties are achieved at dynamic load
levels that are about 70-80% of the load to load failure.
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Such load levels are regularly exceeded by factors of 40

three or four if, for example, the amputee jumps up and
down, jumps off a chair or kicks the ground when re-
covering from a fall, although such excursions outside
the normal loads of standing and walking are compara-
tively rare. Thus it is known that in addition to an ability
to resist fatigue failure during several million walking
cycles, a prosthetic foot should also be capable of with-
standing a static load of about five times body weight
(e.g. 5000 N for a man weighing 100 Kg). It is therefore
desirable to provide additional paths for the overloads
from jumping or similar events.

Accordingly the invention provides an artificial foot
comprising in combination:

a hollow flexible cosmesis having a sole formed with
an instep region and a region spaced from the instep
region that flexes relative to the instep region during
ambulation;

a keel member in the cosmesis having a lower region
fixed to the sole at the instep region and having an
upper region by which it is intended to be fixed to upper
parts of the leg;

leaf spring means having a basal region held to the
keel member at the instep region of the sole and having
a terminal region that rests on the deformable region of
the cosmesis: and

snubbing means extending from the keel member in
spaced overlying relationship to the leaf spring means,
the arrangement being such that during ambulation the
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2

leaf spring means provides a primary path by which
ground reaction 1s transmitted to the keel and that
ground reaction causing the leaf spring means to
contact the snubbing means is transmitted to the keel via
an overload path through the snubbing means.

DESCRIPTION OF PREFERRED FEATURES

The region spaced from the instep region may be a
metatarsal region of the sole, in which case preferably
the leaf spring means terminates before a toe region of
the foot so that at toe off the ground reaction is resisted
only by flexion of the cosmesis, giving a transition in
applied load with distance along the foot of the centre
of ground reaction that mimics the change from meta-
tarsal to toe region of the foot during normal walking.
Preferably second leaf spring means and and snubbing
means extend towards the heel of the cosmesis to pro-
vide load paths for ground reaction during the heel
strike phase of ambulation, said heel being a second
region of the cosmesis that flexes relative to the instep
region during ambulation. To enable the amputee to

stand stably the first and second leaf spring means are
rated so that when the amputee is standing the centre of

ground reaction is spaced from the heel by about one
third of the length of the foot.

The performance of the foot is primarily dependant
upon thie load/deflection characteristics of the front and
rear stiffness in the anterior/posterior plane but also
depends upon the characteristics of the cosmesis. The
design criteria for the stiffness may be derived from the
movements of the shin, the ankle and the foot during
normal locomotion which are all well known, as are the
position along the foot from time to time of the centre of
ground reaction forces. From this data it is possible to
infer the deflections at different positions along the
length of the foot which would give the same effective
motion between the shin and the ground as would occur
with a natural foot. These deflections, combined with
ground reaction forces, serve to define the anterior/-
posterior plane characteristics that would comply with
normal body movements.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying drawings, in which: -

F1G. 1 1s a diagrammatic perspective view of an
artificial foot;

FIG. 2 1s a view of the foot in longitudinal vertical
section: and

FIG. 3 1s a graph of load and deflection against posi-
tion of the centre of ground reaction along the foot.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS | |

In the drawings, a prosthetic foot 10 comprises a
hollow cosmesis 12 of elastomeric material such as a
polyurethane foam in which the internal space 14 is
relatively large and extends from the toe region 15 to

the heel region 16 as shown. An instep region 18 of the
sole of the foot is of increased thickness to define a

wedge facing an anterior direction and has bonded
thereto an anchoring plate 20. A pair of threaded holes
in the plate 20 accept clamping screws 22 that pass
respectively through an anterior region of a keel 24,
stiffener 26 and instep reinforcement plate 28.



4,721,510

3

The keep 24 is of material such as continuous glass or
other fibre-reinforced plastics or filled plastics that 1s
made relatively stiff compared to the cosmesis 12 and
stiffener 26 or is of inflexible material such as metal. It
has a central region 32 formed in 1ts top face with fixing
holes 34 or other means by which the foot 10 can be
attached to upper parts of the leg and is formed with
antertor and posterior extensions defining a front snub-
ber 36 and a rear snubber 38 that extend into the internal
space 14 at a clearance from the sole of the foot. The
instep plate 28 and stiffener 26 are clamped to the keel
24 from the underside by means of a pair of clamping
screws 40. The stiffener 26 in side profile has a raised
central region 42 that fits beneath the keel 24 and ante-
rior and posterior regions that are spaced beneath the
keel 24 to define a front stiffener 44 and a rear stiffener
46. The unsupported part of instep plate 28 and the
screws 4) serve to clamp the central region of stiffener
26 to the keel 24 so that the rear portion 46 thereof that

10

15

is free to flex relative to the keel 24 is short. The end of 20

each stiffener 44, 46 is upwardly curved to define a
radiused end that rests on the sole of the cosmesis as
shown. The rear stiffener 46 extends to the keel region
16 and locates in a groove (not shown) therein to pre-

vent it moving relatively to the cosmesis but the front 25

stiffener 44 terminates at a metatarsus position short of

the toe region 138. The stiffener 26 is formed in one piece
from continuous glass or other fibre reinforced plastics
material (glass filament reinforced plastics being pre-
ferred) and is made so as to be relatively flexible. The
reinforcement plate 28 matches the curvature of the
stiffener 26 in its region between screws 22, 40.

The performance requirements of the foot are illus-
trated in FIG. 3 which shows the typical applied load
and effective deflection for an amputee. It will be appre-
ciated that the curves are based of nominal data and that
individual amputees differ in their activity levels so that
it may be necessary to provide alternative characteris-
tics to meet their individual requirements. It will also be
noted that FIG. 3 covers the period of initial heel
contact and of toe off but not the time that both heel and
toe are in contact simultaneously. At heel strike the rear

stiffener 46 is the controlling component and at toe off

the front stiffener 44 controls events, but for much of
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the load-bearing part of the walking cycle the load is 45

distributed between the two stiffeners 44, 46. It is appar-
ent from FIG. 3 that loads and deflections fall off very
rapidly just ahead of the metatarsus. For this reason the
front stiffener 44 terminates at that point and beyond
that point the action required is provided by the elastic
cosmesis 12. Between heel strike and toe off the charac-
teristics required are a peak of relatively high reactive
load but relatively small deflection towards the heel and
a peak of relatively small reactive load but relatively
high deflection adjacent the metatarsus region with an
intervening plateau region.

‘The ends of the front and rear stiffeners 44, 46 are
each radiused, as previously noted, for three reasons:

(a) to assist smooth transition at heel strike and toe
off:

(b) to allow a range of different heel heights to be
used, the characteristics illustrated in FIG. 3 being
needed for heel heights of from 0 (flat foot) to 40 mm:;
and

(c) to provide control over the position of the com-
bined reaction of the front and rear stiffeners 44, 46
which is required while both front and rear stiffeners
are under load, especially during standing where the
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centre of ground reaction should be spaced one third of
the foot length from the heel to prevent toppling.

The stiffeners 44, 46 each deflect at least once per
walking cycle: they are therefore critical in fatigue and
are sized accordingly using an appropriate material. But
the static strength requirement of the foot is many times
greater than that required for normal activity and stiff-
eners 44, 46 designed for the loads, deflections and load
cycle life appropriate to normal walking or more vigor-
ous activity cannot by themselves meet the static load
requirements. The front and rear snubbers 36, 38 are
located at positions above the stiffeners 44, 46 such that
contact therebetween occurs at a position where the
stiffener has deflected a distance about equal to the peak
deflection shown in FIG. 3 to establish a secondary load
path from the sole of the cosmesis to upper parts of the
leg. The secondary load path may be of one of two
different kinds:

(a) for normal activity levels the snubber is of metal
or other substantially rigid material and acts as a me-
chanical stop;

(b) for high activity levels the snubber acts as a spring
so that after a nominal displacement the stiffener and
snubber act in parallel, continuing to deflect and to
provide a progressively increasing resistive load right
up to the level of the static requirement, the stiffeners
and snubbers both being sized to meet this level. In the
high activity case the stiffener 44 or 46 and snubber 36,
38, which are both of reinforced plastics, may be made
as a single component united at the centre. It will be
appreciated that the design of a foot for a high level
activity such as running is different from that primarily
for a less strenuous activity such as walking.

It will be appreciated that the design of the stiffener
and snubbers 1s related to the type and orientation of the
filament. It has been found that glass fibre has a good
combination of strength and deflection characteristic
because of its relatively low elasticity.

The filament orientation is primarily unidirectional in
the anterior-posterior plane with other directions used
to give greater strength at the basal region.

The lateral cross-section of the stiffeners is designed
to have low roll resistance to accommodate uneven
surfaces and displacement in inversion/eversion.

It will be appreciated that modifications may be made
to the embodiment described above without departing
from the invention, the scope of which is defined in the
appended claims. For example, although it is prepared
to provide stiffeners and snubbers for both the metatar-
sal and the heel region, a foot could be made that had a
stiffener and snubber for the metatarsal region com-
bined with a simple region of resilient plastics foam
located beneath the keel. The interior space 14 instead
of being empty could be filled with a highly flexible low
density plastics foam.

The foot of the invention may be used in association
with a wide range of exoskeletal and endoskeletal arti-
ficial legs in place of a SACH or uniaxial foot and may
be fitted, for example, to the applicant’s ROELITE and
ULTRA-ROELITE endoskeletal artificial legs.

We claim:

1. An artificial foot comprising in combination:

a hollow flexible cosmesis having a sole formed with
an instep region and a region spaced from the in-
step region that flexes relative to the instep region
during ambulation;

a keel member in the cosmesis having a lower region
fixed to the sole at the instep region and having an
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upper region by which it is intended to be fixed to
upper parts of the leg;

leaf spring means having a basal region held to the
keel member at the instep region of the sole and
having a terminal region that rests on the deform-
able region of the cosmesis; and

snubbing means extending from the keel member in
cantilevered relationship thereto, said snubbing
means being spaced below said cosmesis and being
in spaced overlying relationship to the leaf spring
means which is deformable into contact with said
snubbing means by ground reaction, the stiffness of
the leaf spring means being such that during ambu-
lation the leaf spring means provides a primary
path by which ground reaction is transmitted to the
keel and that ground reaction causing the leaf

spring means to contact the snubbing means is

transmitted to the keel via an overload path
through the snubbing means. |

2. A foot according to claim 1, wherein the cosmesis
is formed of an elastomeric foam.

3. A foot according to claim 1, wherein the keel is
attached to a plate bonded to the instep region of the
sole which is of increased thickness. |

4. A foot according to claim 1, wherein the keel mem-
ber and snubbing means are of substantially rigid mate-
rial so that the snubbing means acts as a mechanical stop
for the leaf spring means.

3. A foot according to claim 4, wherein the keel mem-
ber and snubbing means are of metal.

6. A foot according to claim 1, wherein the keel mem-
ber and snubbing means are of stiffly flexible material
such that after the leaf spring means has contacted the
snubbing means the leaf spring means and the snubbing
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means act in parallel to provide a progressively increas-
ing resistive load. . |

7. A foot according to claim 1, wherein the basal
region of the leaf spring means is spaced above the sole.

8. A foot according to claim 7, wherein the terminal
regton of the leaf spring means is curved away from the
sole to define a radiused tip of the leaf spring means.

9. A foot according to claim 1, wherein the leaf
spring means is of filament reinforced plastics material.

10. A foot according to claim 9, wherein the filaments
are of glass.

11. A foot according to claim 1, wherein the region
spaced from the instep region is a metatarsal region of
the sole.

12. A foot according to claim 11, wherein the leaf
spring means terminates before a toe region of the foot
whereby at toe off the ground reaction is resisted only -
by flexion of the cosmesis.

13. A foot according to claim 11, wherein second leaf
spring means and second snubbing means extend
towards the heel of the cosmesis to provide load paths
for ground reaction during the heel strike phase of am-
bulation, said heel being a second region of the cosmesis
that flexes relative to the instep region during ambula-
tion.

14. A foot according to claim 13, wherein the first
and second leaf spring means are rated so that when the
amputee is standing the centre of ground reaction is
spaced from the heel by about one third of the length of
the foot.

15. An artificial leg fitted with a foot as claimed in

claim 1.
* * x X %
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